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I.  Introduction 


The  Modified  Point  Mass  Trajectory  Model  12  is  the  primary  method  of  trajectory 
simulation  used  in  the  preparation  of  Firing  Tables.  This  model  requires  three  types 
of  input  data:  projectile  mass  properties,  aerodynamic  coefficients  and  the  performance 
parameters  determined  from  experimental  range  testing.  This  report  discusses  the  sig¬ 
nificance  of  the  Magnus  force  coefficient  and  a  method  of  determining  the  Magnus  force 
coefficient  for  trajectory  simulation  using  the  Modified  Point  Mass  Trajectory  model.  It 
also  compares  the  Magnus  force  coefficients  of  the  155mm,  HE,  M107  and  the  8- Inch,  HE, 
RA,  M650  projectiles  with  results  based  on  aerodynamic  testing  reported  by  MacAllistcr 
and  Krial  3  and  by  Piddington,4  respectively. 


II.  Discussion  and  Results 


The  155mm,  HE,  M107  projectile  fired  with  propelling  charge  M119A1,  chaige  8  (684 
metres  per  second  muzzle  velocity)  is  used  as  an  example  to  show  the  effect  of  the  Magnus 
force  on  trajectory  time  of  flight.  Figure  1  shows  tlr  trajectory  height  versus  range  for 
projectiles  fired  with  quadrant  elevations  of  400,  800  and  1200  mils.  Figure  2  presents 
the  Modified  Point  Mass  Trajectory  model  estimate  for  the  yaw  of  repose  versus  time  of 
flight  for  the  three  trajectories.  The  yaw  of  repose  is  the  steady-state  angle  of  attack  due 
to  gravity-induced  curvature  of  the  trajectory.®  The  nose  of  a  spinning  projectile  is  to  the 
right  of  its  flight  path;  therefore,  the  Magnus  force,  which  is  perpendicular  to  the  yaw 
of  repose,  results  in  an  acceleration  in  the  vertical  plane  with  the  acceleration  increasing 
proportionally  with  the  yaw  of  repose. 

Artillery  projectiles  fired  at  quadrant  elevations  up  to  approximately  1300  mils  will 
normally  function  properly;  however,  projectiles  fired  at  higher  quadrant  elevations  exhibit 
erratic  flight  performance,  such  as  drift  to  the  left,  base  first  impacts,  large  range  and 
deflection  dispersion,  etc.6  A  yaw  of  repose  limit  of  .6  radian  (34.4  degrees),  based  on 
experimental  range  firings,  has  been  Included  in  the  Modified  Point  Mass  Trajectory  model 
to  determine  the  maximum  firing  quadrant  elevation  used  in  the  preparation  of  aiming 
data.7 

The  form  factor,  a  multiplier  on  the  total  drag  term,  is  the  parameter  used  in  the 
Modified  Point  Mass  Trajectory  model  to  achieve  a  match  with  the  experimental  range 
firing  impact  data.  Therefore,  to  obtain  the  same  range  with  and  without  the  Magnus 
force  coefficient,  the  form  factor  was  varied.  Table  1  presents  trajectory  simulations  to 
the  same  range,  with  and  without  a  Magnus  force  coefficient  (-  .75),  for  the  155mm,  HE, 
M107  projectile.  The  same  range  was  obtained  by  increasing  the  form  factor  by  1.0,  1.2 
and  1.3  percent  for  the  quadrant  elevations  400, 800  and  1200  mils,  respectively.  The  value 
of  the  Magnus  force  coefficient  was  determined  from  experimental  range  firing  impact  and 
time-of- flight  data  for  the  projectile  fired  with  propelling  charges:  M3A1,  charges  1G, 
2G,  3G,  4G  and  5G;  M4A2,  charges  3W,  4W,  5W,  6W  and  7W;  and  M119A1  charge  8 
at  quadrant  elevations  from  200  mils  to  1250  mils.  The  inclusion  of  the  Magnus  force 
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coefficient  increases  the  time  of  flight  .15,  .35  and  1.11  seconds  for  the  charge  8  simulations 
at  quadrant  elevations  of  400,  800  and  1200  mils,  respectively. 

The  precision  probable  error  in  functioning  time  for  modern  mechanical  and  electronic 
time  fuzes  is  less  than  .30  and  .05  seconds,  respectively.  Therefore,  the  Magnus  force 
coefficient  is  included  in  the  Modified  Point  Mass  Trajectory  simulation  model. 


Table  1.  Significance  of  Magnus  Force  Coefficient  ( CnPo  )  for  Projectile  155mm,  HE, 
M107  Fired  with  Propelling  Charge  M119A1. 


Quadrant 

Elevation 

(Mils) 

Time  of  Flight  (Seconds) 

c*Po  =  o 

CnPo  =  -75 

A 

400 

39.31 

39.46 

.15 

800 

67.91 

68.26 

.35 

1200 

89.75 

90.86 

1.11 

The  Magnus  force  coefficient  is  difficult  to  determine  by  aerodynamic  testing  and  is 
not  normally  available.  Therefore,  an  alternative  method  based  on  experimental  range 
firing  impact  and  time-of-flight  data  has  been  developed  to  determine  the  Magnus  force 
coefficient  for  use  with  the  Modified  Point  Mass  Trajectory  model.  The  Magnus  force 
coefficient  is  determined  by  varying  the  coefficient  until  the  overall  difference  between  the 
simulated  and  mean  observed  times  of  flight  is  acceptable  for  the  applicable  propellant 
charges  (muzzle  velocities)  and  quadrant  elevations.  The  Magnus  force  coefficient  (—  .75) 
was  determined  for  the  155mm,  HE,  M107  projectile  using  this  iterative  process.  Figures 
3  through  8  show  the  difference  between  the  mean  observed  and  simulated  time  of  flight 
(mean  observed  minus  simulated)  versus  simulated  time  of  flight  when  a  constant  Magnus 
force  coefficient  is  used  in  the  trajectory  model.  The  figures  present  results  for  projectiles 
fired  with  propellant  charges:  M3A1,  charges  1G,  3G  and  5G;  M4A2,  charges  5W  and 
7W;  and  M119A1,  charge  8.  The  approximate  muzzle  velocities  for  these  charges  are:  208, 
276,  376,  397,  568  and  684  metres  per  second,  respectively.  Each  point  represents  the 
difference  between  the  mean  observed  and  simulated  time  of  flight  for  a  group  of  five  to 
ten  projectiles  and  each  symbol  represents  a  different  firing  program.  The  variation  in  the 
results  is  probably  due  to  the  difficulty  in  measuring  the  time  of  flight  with  stop  watches, 
since  it  is  difficult  to  determine  the  zero  time  and  impact  time  needed  to  manually  start  and 
stop  the  watches.  Figures  3  through  8  demonstrate  that  the  method  can  be  used  to  obtain 
an  acceptable  mean  difference  between  the  observed  and  simulated  time-of-flight  results 
for  the  M107  projectile.  “Acceptable”  here  implies  that  this  mean  difference  has  no  overall 
bias  and  that  individual  charge  bias  can  be  compensated  for  by  a  simple  correction  to  the 
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computed  time-of- flight.  This  method  seems  to  have  the  capability  of  extracting  a  good 
approximate  value  for  the  Magnus  force  coefficient  from  the  data,  even  though  there  are 
large  occasion- to-occasion  differences  between  the  observed  and  simulated  time-of-flight 
results. 

Figures  9  and  10  show  a  comparison  of  the  Magnus  force  coefficient  determined  from 
experimental  range  impact  and  time-of-flight  firings  with  values  of  the  Magnus  force  co¬ 
efficient  determined  from  aerodynamic  test  data.  Figure  9  is  Figure  26  of  reference  3 
and  Figure  10  is  Figure  9  of  reference  4,  showing  the  Magnus  force  coefficients  baaed  on 
aerodynamic  testing  for  the  155mm,  HE,  M107  and  8-Inch,  HE,  RA,  M650  projectiles, 
respectively.  Also  shown  on  the  figures  is  the.  Magnus  force  coefficient  for  the  projectiles, 
based  on  the  experimental  range  impact  and  time-of-fiight  firings.  The  comparison  shows 
that  the  value  of  the  coefficient  determined  from  the  range  firing  data  is  in  good  agreement 
with  the  subsonic  results  obtained  from  aerodynamic  range  testing  for  the  155mm,  M107 
projectile  as  reported  by  MacAllister  and  Krial  (Reference  3)  and  the  8-Inch,  M650  pro¬ 
jectile  as  reported  by  Piddington  (Reference  4).  The  Magnus  force  coefficient  determined 
from  the  experimental  range  impact  and  time-of-flight  firings  would  be  expected  to  repre¬ 
sent  the  subsonic  value.  This  is  because  the  effect  of  the  Magnus  force  on  the  trajectory 
is  proportional  to  the  yaw  of  repose  and  normally  subsonic  velocities  and  large  yaws  of 
repose  occur  simultaneously  for  artillery  projectiles. 

Table  2  presents  a  summary  of  the  Magnus  force  coefficients  contained  in  the  Firing 
Table  data  base  for  artillery  projectiles.  These  values  are  based  on  ballistic  analysis  of  the 
experimental  range  firing  impact  and  time-of-fiight  data. 

Table  2.  Firing  Table  Data  Base  Magnus  Force  Coefficients  (CnPci  )• 


III.  Conclusions 


The  inclusion  of  the  Magnus  force  coefficient  significantly  improves  the  trajectory 
time-of-flight  results  of  the  Modified  Point  Mass  Trajectory  model.  The  Magnus  force 
coefficients  for  the  155mm,  HE,  M107  and  8-Inch,  HE,  RA,  M650  projectiles  based  on  the 
experimental  range  firing  impact  and  time-of-flight  data  are  in  good  agreement  with  the 
results  based  on  the  aerodynamic  testing.  The  Magnus  force  coefficients  determined  from 
the  experimental  range  firing  impact  and  time-of-flight  data  are  of  similar  magnitude  for 
the  different  shapes  (Ml,  long  range,  and  cargo)  and  sizes  (105mm,  155mm,  175mm,  and 
8- Inch)  of  artillery  projectiles. 
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Figure  3.  Difference  between  observed  and  simulated  time  of  flight  (A  time  of  flight 


versus  simulated  time  of  flight  for  projectile,  155mm,  HE,  M107  fired  with 
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Figure  4.  Difference  between  obiervcd  and  simulated  time  of  flight  (A  time  of  flight) 
verius  simulated  time  of  flight  for  projectile,  ISSmro,  HE,  M107  fired  with 
propelling  charge  M3A1,  charge  3Q. 


8 


A  Time  of  Flight  (Seconds) 


Figure  5.  Difference  between  observed  and  limuletcd  time  of  flight  (A  time  of  flight) 
vcreue  eimulatcd  time  of  flight  for  projectile,  155mm,  HE,  M107  fired  with 
propelling  charge  M3A1,  charge  5G. 
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Figure  6.  Difference  between  observed  and  simulated  lime  of  flight  (A  time  of  flight) 
versus  simulated  time  of  flight  for  projectile,  165mm,  HE,  M107  flrect  with 
propelling  charge  M4A2,  charge  5W. 
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Figure  7.  Difference  between  obierved  and  Emulated  time  of  flight  (A  time  of  flight) 
versus  simulated  time  of  flight  for  projectile,  166mm,  HE,  M107  fired  with 
propelling  charge  M4A2,  charge  7W. 
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Magnus  force  coefficient  for  the  155mm,  HE,  M107,  projectile  (Figure  26  of 
Reference  3)  with  the  effective  Magnus  force  coefficient  added. 


Figure  10.  M»£mis  force  coefficient  for  the  8  Inch,  HE,  RA,  MC50,  projectile  (Figure  9 
of  Reference  4)  with  the  effective  Magnus  force  coefficient  added. 
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Director 

US  Army  TRADOC  Analysis  Command 
ATTN:  ATRC-WSR 

1 

Commander 

US  Army  Laboratory  Command 

White  Sands  Missile  Range,  NM  88002-5502 

ATTN:  AMSLC-DL 

Adclphi,  MD  20783-1145 

(CImj.  only) ; 

Commandant 

US  Army  Infantry  School 

ATTN:  ATSH-CD  (Security  Mgr.) 

2 

Commander 

US  Army,  ARDEC 

Fort  Bonning,  GA  31905-5660 

ATTN:  SMCAR-IMl-1 

Picalinny  Arsenal,  NJ  07806-5000 

(UmImo.  only)  1 

Commandant 

US  Army  Infantry  School 

ATTN:  ATSH-CD-CSO-OR 

2 

Commander 

US  Army,  ARDEC 

Fort  Banning,  GA  31905-5660 

1 

ATTN:  SMCAR-TDC 

Picatinny  Arsenal.  NJ  07806-5000 

Director 

Benet  Weapons  Laboratory 

US  Army,  ARDEC 

1 

Air  Force  Armament  Laboratory 

ATTN:  AFATL/DLODL 

Eglin  AFB,  FL  32542-5000 

Aberdeen  Proving  Ground 

ATTN:  SMCAR-CCB-TL 

Watervllct,  NY  12189-4050 

2 

Dir,  USAMSAA 

ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 

1 

Commander 

US  Army  Armament,  Munitions 

1 

Cdr,  USATECOM 

ATTN:  AMSTE-TD 

and  Chemical  Command 

ATTN:  SMCAR-ESP-L 

Rock  Island,  1L  61299  5000 

3 

Cdr,  CRDEC,  AMCCOM  . 

ATTN:  SMCCR-RSP-A 
SMCCR-MU 

SMCCR-MSI 

1 

Commander 

US  Army  Aviation  Systems  Command 

1 

Dir,  VLAMO 

ATTN:  AMSLC-VL-D 

ATTN:  AMSAV-DACL 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  63120-1798 
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Organization 


No.  of 
Copies 


Organization 


No.  of 
Copies 

1  Director 

HQ,  TRAC  RPD 

ATTN:  ATRC-RP 

Fort  Monroe,  VA  23651-5143 

1  Commander 

TRADOC  Analysis  Command 
ATTN:  ATRC 

Fort  Leavenworth,  KS  66027-5200 

1  OPM  Nuclear 
ATTN:  AMCPM-NUC 
Picatinny  Arsenal,  NJ  07806-5000 

2  Department  of  Army  Office  of  PM 
ATTN:  SFAE-AR-SD, 

Mr.  D.  Griggs 
ATTN:  SFAE-AR-HIP-IP, 

Mr.  R.  DeKleine 

Picatinny  Arsenal,  NJ  07806-5000 

8  Commander 

US  Army,  ARDEC 
ATTN:  SMCAR-AET, 

Mr.  F.  Scerbo 
Mr.  J.  Beta 

ATTN:  SMCAR-AET- A, 

Mr.  R.  Kline 
Mr.  F.  Brown 
Mr.  H.  Hudgins 
ATTN:  SMCAR-FSA, 

Mr.  F.  Brody 
Mr.  R.  Kantenwein 
ATTN:  SMCAR-FSS, 

Mr.  J.  Brooks 

Picatinny  Arsenal,  NJ  07806-5000 

2  Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CCM 
ATSF-G 

Fort  Sill,  OK  73503 
i  Director 

US  Army  Field  Artillery  Board 
ATTN:  ATCT-FAW 
Fort  Sill,  OK  73503-5000 


1  Commander 

US  Army  Dugway  Proving  Ground 
ATTN:  STEDP-MT, 

Mr.  G.  C.  Travers 
Dugway,  UT  84022 

,•  1  Commander 

US  Army  Yuma  Proving  Ground 
ATTN:  STEYP-MTW 
Yuma,  AZ  85365-9103 

1  Commander 

Naval  Surface  Warfare  Center, 
Aerodynamics  Branch, 

K-24,  Building  402-12 
ATTN:  Dr.  W.Yanta 
White  Oak  Laboratory 
Silver  Spring,  MD  20910 

1  Headquarters 

US  Marine  Corps 
ATTN:  Code  LMW/30 
Washington,  DC  20380 

1  Director 

Sandia  National  Laboratories 
ATTN:  Mr.  A.  Hodapp 
Division  1631 
Albuquerque,  NM  87185 

1  Director 

Lawrence  Livermore  National 
Laboratory 
PO  Box  808 
Livermore,  CA  04560 

1  Arrow  Tech  Associates,  Inc. 

Mr.  R.  Whyte 
PO  Box  4218 

South  Burlington,  VT  05401-0042 
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No.  of 
Copies 


Organization 


Aberdeen  Proving  Ground 

1  Director,  USAMSAA 

ATTN:  AMXSY-RA, 

Mr.  R.  Scungio 

1  Commander,  USATECOM 

ATTN:  AMSTE-TE-F, 

Mr.  W.  Vomocil 

2  Commander,  CRDEC,  AMCCOM 

ATTN:  SMCCR-MUS-T, 

Mr.  D.  Bromley 

ATTN:  SMCCR-RSP-A, 

Mr.  M.  Miller 

1  PM-SMOKE,  Bldg.  324 

ATTN:  AMCPM-SMK-M, 

Mr.  J.  Callahan 

2  Director,  USAHEL 

ATTN:  SLCHE-FT, 

Mr.  G.  Horley 
Mr.  J.  Wall 

2  Director,  USACSTA 

ATTN:  STECS-AS-H 
STECS-EN-B 
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Intentionally  left  bunk. 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  t  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes. 
Your  comments/answers  to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  BRL  Report  Number  BRL-MR-3870 _  Date  of  Report  OCTOBER  1990 — 

2.  Date  Report  Received _ _ — — -  - — — - - 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  Interest 
for  which  the  report  will  be  used,) 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  daw,  procedure,  source 
of  ideas,  etc.) _ — - - - — ■ - “ - 1 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars 
saved,  operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
changes  to  organisation,  technical  content,  format,  etc.)  .  ,,  ■■  .  n..— — . 


T 


Name 


CURRENT  Organization 

ADDRESS  _ 

Address 


City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  New  or  Correct 
Address  in  Block  6  above  and  the  Old  or  Incorrect  addrcai  below. 


Name 

OLD  Organization 

ADDRESS  _ _ _ _ 

Address 

City,  State,  Zip  Code 

(Remove  this  sheet,  fold  as  indicated,  itaplc  or  tape  cloacd,  and  mail.) 


FOLD  HERE 


Dirartmint  op  thi  Army 

Direetoc 

U.S.  Amy  Ballistic  Kuavch  Laboratory 

ATTN:  SLCBRDD-T 

Aberdotn  Proving  Ground,  MD  2H)<  -3066 

OmOAL  BUIINBII 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  No  0001 ,  APQ,  MD 

POITAOC  WILL  K  PA©  BY  UDHUWI 


Director 

U.S.  Army  Btlliitic  Rcwareh  Laboratory 

ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  210Q5-99B9 


FOLD  HERE 


